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TITLE OF THE INVENTION 

APPARATUS AND METHOD TO GENERATE AN ADAPTIVE SLICER 
THRESHOLD FOR BINARY DATA 

5 BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention generally relates to a signal processing circuit for 
slicing binary signals in a receiver. More particularly, the present invention relates 
to a signal processing circuit that generates an adaptive slicer threshold by using 
10 either average amplitude data of both binary ones and binary zeros, or minimum 
amplitude data of a binary one and maximum amplitude data of a binary zero. 

2. Discussion of the Related Art 

Data communication using binary signals takes place at high rates in 
various applications. For example, in optical data systems, data transmission 

15 rates of 10 gigabits/second (Gb/s) and higher are utilized. In such binary data 
communication systems, a receiver is used for receiving the binary signals from a 
transmitter. In many cases, the signals received are of a low level and are 
accompanied by noise and/or jitter (see Fig. 2). The true binary nature of a 
distinct rectangular pulse, usually designating a binary one, sometimes can be 

20 partly obscured by noise, and result in data errors that adversely affect signal 
processing equipment to which the output of the receiver is applied. 

To improve the ability to accurately recapture the binary signals passing 
through the receiver before being supplied to other equipment, a slicing technique 
is employed. This technique involves slicing the received binary signal at a level 

25 about the midpoint of its amplitude, that is. between its maximum and minimum 
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values. The portion of the received binary signal appearing above the slicing level 
conresponds to a binary one and the portion below the slicing level corresponds to 
a binary zero (see Fig. 1 and Fig. 2). 

In one type of prior art slicer circuit, the slicer threshold is fixed at a certain 
5 voltage level. A variable offset voltage is combined with the voltage level of the 
received binary signal to maintain the midpoint of the binary signal that is applied 
to the slicer at the fixed slicer threshold. However, adjusting the received binary 
signal to maintain the midpoint of the binary signal at a fixed level adds complexity 
to a system. 

10 In another type of prior art slicer circuit, the slicer threshold is varied so as 

to be at the midpoint of the amplitude of the binary signal, wherein the midpoint is 
calculated to be the average of the maximum and minimum values of the received 
binary signal. However the midpoint that is calculated using the maximum and 
minimum values of the received binary signal is the midpoint between the outer 

15 edges of the data eye 100. 200 (see Fig. 1 and Fig. 2). The data eye 100, 200 is 
a plot of sampled data values for a given time period. This method is incapable of 
accurately determining the midpoint between either the average values of the data 
eye 100. 200 edges or the inner edges of the data eye 100, 200. 

Thus, a slicer circuit that is capable of accurately determining the midpoint 

20 between the average values of the data eye 100, 200 or the Inner edges of the 
data eye 100, 200 is required. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 illustrates a data eye according to an embodiment of the present 
25 invention; 

2 
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Fig. 2 illustrates a data eye with noise and jitter according to an 
embodiment of the present invention; 

Fig. 3 illustrates a receiver system according to an embodiment of the 
present invention; 

5 Fig. 4 illustrates an adaptive slicer threshold generation system according 

to an embodiment of the present invention; 

Fig. 5 illustrates an adaptive slicer threshold generation system according 
to another embodiment of the present invention; 

Fig. 6 illustrates a flow chart for a method of generating an adaptive slicer 
10 threshold according to an embodiment of the present invention; and 

Fig. 7 illustrates a flow chart for a method of generating an adaptive slicer 
threshold according to another embodiment of the present invention. 

DETAILED DESCRIPTION 

13 Fig. 1 illustrates a data eye according to an embodiment of the present 

invention. The data eye 100 is a plot of sampled data values for a given time 
period. The slicer threshold 140 is a voltage level above which a received binary 
signal is read as a binary one and below which a received binary signal is read as 
a binary zero. Sampled data values within the data eye 1 00 that fall above the 

20 slicer threshold 140 are read as binary ones 110, and sampled data values within 
the data eye 100 that fall below the slicer threshold 140 are read as binary zeros 
120. A first absolute value element 450 (see Fig. 4 and Fig. 5) and a second 
absolute value element 460 may be included within an adaptive slicer threshold 
generation system 400, 500 to treat a binary negative one as a binary one. 



3 
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For example, if a received binary signal encounters a positive DC offset, 
the data eye 100 will reflect a data sample that is offeet in the positive voltage 
direction (i.e., the data sample will be shifted upward within Fig. 1) in relation to 
samples that did not encounter the positive DC offset. Consequently, the slicer 

5 threshold 140 may be shifted upward within Fig. 1, depending partly upon the 
method by which the slicer threshold 140 is set. Thus, an increase in voltage level 
of the received binary signal may result in a positive voltage shift of the slicer 
threshold 140. Similarly, a decrease in voltage level of the received binary signal 
may result in a negative voltage shift of the slicer threshold 140. 

10 The slicer threshold 140 is, therefore, adaptively generated to track the 

data eye 100. A received binary signal is compared to the slicer threshold 140 to 
determine whether the received binary signal will be read as a binary one or as a 
binary zero. 

Fig. 2 Illustrates a data eye with noise and jitter according to an 
15 embodiment of the present invention. If noise and/or jitter affect the amplitude of 
a received binary signal, the voltage level of the data eye 200 may be shifted. 
Noise and/or jitter may affect the amplitude of a slicer threshold 140 because the 
slicer threshold 140 tracks the data eye 200. 

Fig. 3 illustrates a receiver system according to an embodiment of the 
20 present invention. The receiver system 300 includes a receiver circuit 310, an 
antenna 320, and an adaptive slicer threshold generation system 400, 500 (see 
Fig. 4 and Fig. 5). The antenna 320 detects a signal. The receiver circuit 310 
receives the signal and processes the signal. The adaptive slicer threshold 
generation system 400. 500 receives the signal and generates a slicer threshold 
25 140 (see Fig. 1 and Fig. 2). 

4 
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The adaptive slicer threshold generation system 400 includes a first moving 
average filter 410 (see Fig. 4), a second moving average filter 420. a combiner 
430, and preferably a gain element 440. The first moving average filter 41 0 
receives a first binary signal to determine a first average value. The second 

5 moving average filter 420 receives a second binary signal to determine a second 
average value. The combiner 430 combines the first average value and the 
second average value. The gain element 440 preferably sets a value of a slicer 
threshold 140 (see Fig. 1 and Fig. 2) within a data eye 100, 200. 

According to an embodiment of the invention, the first moving average filter 

10 410 and/or the second moving average filter 420 includes a leakage element 425, 
475 to control an adaptation rate of the slicer threshold 140. 

The adaptive slicer threshold generation system 500 includes a minimum 
detector 510 (see Fig. 5), a peak detector 520, a combiner 430, and preferably a 
gain element 440. The minimum detector 510 receives a binary signal to 

15 determine a minimum value of a binary one. The peak detector 520 receives a 
binary signal to determine a maximum value of a binary zero. The combiner 430 
combines the minimum value of the binary one and the maximum value of the 
binary zero. The gain element 440 preferably sets a value of a slicer threshold 
140 (see Fig. 1 and Fig. 2) within a data eye 100, 200. 

20 According to an embodiment of the invention, the minimum detector 510 

and/or the peak detector 520 includes a leakage element 545, 595 to control an 
adaptation rate of the slicer threshold 140. 

Fig. 4 illustrates an adaptive slicer threshold generation system according 
to an embodiment of the present invention. The adaptive slicer threshold 

25 generation system 400 includes a first moving average filter 410, a second moving 
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average filter 420. a combiner 430, and preferably a gain element 440. The first 
moving average filter 410 receives a first binary signal to determine a first average 
value. The second moving average filter 420 receives a second binary signal to 
determine a second average value. The combiner 430 combines the first average 

5 value and the second average value to generate a combined output. The gain 
element 440 preferably sets a value of a slicer threshold 140 (see Fig. 1 and Fig. 
2) within a data eye 100, 200. 

The first moving average filter 410 averages binary ones 110 (see Fig. 1 
and Fig. 2) that the adaptive slicer threshold generation system 400 receives. The 

10 first moving average filter 410 preferably includes a first delay element 405, a 
combiner 415, a gain element 435, and a second delay element 445. The first 
delay element 405 and the combiner 415 each receive the binary signal. v^.„(n). 
The combiner 41 5 combines a delayed binary signal. v(n-1), which has passed 
through the first delay element 405. with the received binary signal, Vin(n), and 

15 preferably a leakage signal, VL(n-l). The leakage signal. VL(n-l). is a sample of 
the output signal, Vou^(n), of the combiner 415 that has passed through both the 
gain element 435 and the second delay element 445. The output signal. Vout(n), 
of the combiner 415 preferably is stored in a storage element. The storage 
element may be the combiner 415; however, any other suitable device may be 

20 used. If the gain of the gain element 435 is 1 .0. for example, the output signal, 
Voui:(n), of the combiner 415 may become very sensitive to a single error and/or a 
large noise event. Thus, the gain of the gain element 435 is preferably slightly 
less than one. 

The second moving average filter 420 averages binary zeros 120 (see Fig. 
25 1 and Fig. 2) that the adaptive slicer threshold generation system 400 receives. 



wo 03/039060 



PCT/US02/34481 



The second moving average filter 420 preferably includes a first delay element 
455, a combiner 465, a gain element 485, and a second delay element 495. The 
first delay element 455 and the combiner 465 each receive the binary signal, 
Vin(n). The combiner 465 combines a delayed binary signal, v(n-1), which has 

5 passed through the first delay element 455, with the received binary signal, v^^Cn). 
and preferably a leakage signal, vjn-l). The leakage signal, v^in-l), Is a sample 
of the output signal, Vout(n), of the combiner 465 that has passed through both the 
gain element 485 and the second delay element 495. The output signal, Vout(n), 
of the combiner 465 preferably is stored in a storage element. The storage 

10 element may be the combiner 465; however, any other suitable device may be 
used. If the gain of the gain element 485 is 1 .0. for example, the output signal, 
Vout(n), of the combiner 465 may become very sensitive to a single enror and/or a 
large noise event. Thus, the gain of the gain element 485 is preferably slightly 
less than one. 

15 The adaptive slicer threshold generation system 400 selects a slicer 

threshold 140 (see Fig. 1 and Fig. 2) within a data eye 100. 200, above which an 
input signal will be read as a binary one, and below which the input signal will be 
read as a binary zero. The slicer threshold 140 may be selected at any voltage 
level between the average value of a binary one and the average value of a binary 

20 zero by varying the gain of the gain element 440. For example, if a received 
binary signal is read as a one and the received binary signal is greater in 
amplitude than the average value of a binary one. then the average value of a 
binary one may be increased proportionately. Similarly, for example, if a received 
binary signal is read as a one and the received binary signal is lower in amplitude 

25 than the average value of a binary one, then the average value of a binary one 

7 
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may be decreased proportionately. A change in either the average value of a 
binary one or the average value of a binary zero will change the range of voltages 
from which the sllcer threshold 140 may be selected. 

According to an embodiment of the present invention, the adaptive slicer 
5 threshold generation system 400 further includes a first absolute value element 
450, a second absolute value element 460, and a switch 470. In a three level 
system (i.e., when a received binary signal may be either a binary one, a binary 
zero, or a binary negative one), the first absolute value element 450 and the 
second absolute value element 460 convert a binary negative one into a binary 
10 one. This technique assumes that a received binary signal is symmetric. The first 
absolute value element 450 receives a received binary signal. The second 
absolute value element 460 receives an Rdata signal. The Rdata signal is the 
received binary signal that has preferably passed through a comparator. The 
comparator outputs a digitized received binary signal to control the switch 470. 
15 The switch 470 receives the digitized received binary signal and connects the 
received binary signal that has passed through the first absolute value element 
450 to either the first moving average filter 410 or the second moving average 
filter 420. If the digitized received binary signal is a binary one, then the switch 
470 connects the received binary signal that has passed through the first absolute 
20 value element 450 to the first moving average filter 41 0. If the digitized received 
binary signal is a binary zero, then the switch 470 connects the received binary 
signal that has passed through the first absolute value element 450 to the second 
moving average filter 420. 

Fig. 5 illustrates an adaptive slicer threshold generation system according 

25 to another embodiment of the present invention. The adaptive slicer threshold 

s 
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generation system 500 includes a minimum detector 510. a peak detector 520, a 
combiner 430, and preferably a gain element 440. 

The minimum detector 510 receives a binary signal to determine a 
minimum value of a binary one. The minimum detector 510 illustratively includes 
5 a minimum comparator 505, a combiner 51 5, a gain element 525, and a delay 
element 535. The minimum comparator 505 compares a received binary signal, 
v,„(n). and a delayed output signal, v„„t(n-1), of the minimum comparator 505. 
The delayed output signal. Vout(n-I). of the minimum comparator 505 results when 
an output signal, Vout(n). of the minimum comparator 505 is passed through both 
10 the combiner 515 and the delay element 535. The combiner 515 combines the 
output signal, v^M. of the minimum comparator 505 with preferably a leakage 
signal, v^Cn). The leakage signal, v^Cn). is a sample of the output signal. v„„t(n). 
of the combiner 515 that has passed through the gain element 525. 

If the received binary signal, Vi„(n), of the minimum comparator 505 of the 
15 minimum detector 510 is less than the delayed output signal, Vo„t(n-1), of the 

minimum comparator 505 that has passed through both the combiner 515 and the 
delay element 535, then the minimum comparator 505 outputs the received binary 
signal, Vi„(n), of the minimum comparator 505. Thus, the output signal, v„„t(n). of 
the minimum comparator 505 substantially equals the received binary signal, 
20 Vi„(n), of the minimum comparator 505. In this case, the received binary signal, 
v,„(n), of the minimum comparator 505 is preferably stored in a storage element 
that may be coupled to the output node of the minimum comparator 505. Storage 
of the received binary signal, Vi„(n), of the minimum comparator 505 occurs when 
the minimum comparator 505 outputs the output signal. Vo„,(n), that substantially 
25 equals the received binary signal, Vi„(n), of the minimum comparator 505. The 

9 
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Storage element may be the combiner 515; however, any other suitable device 
may be used. The gain of the gain element 525 is preferably substantially less 
than one. so that the leakage signal. v,(n). eventually approximates a value of 
zero. The delay element 535 delays the output signal. v„„t(n). of the combiner 
5 51 5 that is compared with the received binary signal. v<„(n). by the minimum 
comparator 505. 

If the received binary signal. vM. of the minimum comparator 505 of the 
minimum detector 510 is not less than the delayed output signal. Vout(n-I). of the 
minimum comparator 505 that has passed through both the combiner 515 and the 

10 delay element 535, then the minimum comparator 505 outputs the delayed output 
signal. Vo„t(n-1). of the minimum comparator 505. Thus, the output signal. v^M 
of the minimum comparator 505 substantially equals the delayed output signal. 
Vout(n-1). of the minimum comparator 505. In this case, the delayed output signal. 
Vout(n-1). of the minimum comparator 505 is preferably stored in a storage 

15 element that may be coupled to the output node of the minimum comparator 505. 
Storage of the delayed output signal. v„„,(n-1). of the minimum comparator 505 
occurs when the minimum comparator 505 outputs the output signal. Vout(n). that 
substantially equals the delayed output signal. Vo„t(n-1), of the minimum 
comparator 505. The storage element may be the combiner 515; however, any 

20 other suitable device may be used. 

Thus, the minimum detector 510 tracks the lower boundary (i.e.. inner 
edge) of the portion of the data eye 100. 200 (see Fig. 1 and Fig. 2) that 
represents a binary one. 

The peak detector 520 receives a binary signal to determine a maximum 

25 value of a binary zero. The peak detector 520 illustratively includes a peak 
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comparator 555, a combiner 565. a gain element 575, and a delay element 585. 
The peak comparator 555 compares a received binary signal, Vin(n), and a 
delayed output signal, v<,^,t(n-1), of the peak comparator 555. The delayed output 
signal, v^^in-l), of the peak comparator 555 results when an output signal, 
5 Vout(n). of the peak comparator 555 is passed through both the combiner 565 and 
the delay element 585. The combiner 565 combines the output signal, Vout(n). of 
the peak comparator 555 with preferably a leakage signal, VL(n). The leakage 
signal, v^Cn). is a sample of the output signal. Vout(n), of the combiner 565 that has 
passed through the gain element 575. 
10 If the received binary signal, Vi„(n), of the peak comparator 555 of the peak 

detector 520 is more than the delayed output signal, Vout(n-1), of the peak 
comparator 555 that has passed through both the combiner 565 and the delay 
element 585, then the peak comparator 555 outputs the received binary signal, 
Vin(n). of the peak comparator 555. Thus, the output signal, of the peak 

15 comparator 555 substantially equals the received binary signal. v^„(n), of the peak 
comparator 555. In this case, the received binary signal, y/i„{r), of the peak 
comparator 555 is preferably stored in a storage element that may be coupled to 
the output node of the peak comparator 555. Storage of the received binary 
signal, v,„(n), of the peak comparator 555 occurs when the peak comparator 555 
20 outputs the output signal, v^^^{n), that substantially equals the received binary 
signal, Vi„(n), of the peak comparator 555. The storage element may be the 
combiner 565; however, any other suitable device may be used. The gain of the 
gain element 575 is preferably substantially less than one, so that the leakage 
signal. v^Cn), eventually approximates a value of zero. The delay element 585 



11 
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delays the output signal. Vou^(n), of the combiner 565 that is compared with the 
received binary signal, Vin(n), by the peak comparator 555. 

If the received binary signal. Vin(n), of the peal< comparator 555 of the peak 
detector 520 is not more than the delayed output signal. Vout(n-I). of the peak 

5 comparator 555 that has passed through both the combiner 565 and the delay 
element 585, then the peak comparator 555 outputs the delayed output signal, 
VoutCn-l). oi the peak comparator 555. Thus, the output signal. v^^tCn), of the 
peak comparator 555 substantially equals the delayed output signal, Vout(n-1). of 
the peak comparator 555. In this case, the delayed output signal. Vouc(n-1), of the 

10 peak comparator 555 is preferably stored in a storage element that may be 

coupled to the output node of the peak comparator 555. Storage of the delayed 
output signal, v^u^Cn-l), of the peak comparator 555 occurs when the peak 
comparator 555 outputs the output signal, v^^^{n), that substantially equals the 
delayed output signal. Vout(n-1). of the peak comparator 555. The storage 

15 element may be the combiner 565; however, any other suitable device may be 
used. 

Thus, the peak detector 520 tracks the upper boundary (i.e.. inner edge) of 
the portion of the data eye 100. 200 (see Fig. 1 and Fig. 2) that represents a 
binary zero. 

20 The combiner 430 combines the minimum value of the binary one and the 

maximum value of the binary zero to generate a combined output. The gain 
element 440 preferably sets a value of a slicer threshold 140 within a data eye 
100. 200. 

The adaptive slicer threshold generation system 500 selects a slicer 
25 threshold 140 (see Fig, 1 and Fig. 2) within a data eye 100, 200, above which an 

12 
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input signal will be read as a binary one. and below which the input signal will be 
read as a binary zero. The slicer threshold 140 may be selected at any voltage 
level between the minimum value of a binary one and the maximum value of a 
binary zero by varying the gain of the gain element 440. For example, if a 
5 received binary signal is read as a one and the received binary signal is lower in 
amplitude than the minimum value of a binary one. then the minimum value of a 
binary one may be decreased to substantially equal the received binary signal. 
Similarly, for example, if a received binary signal is read as a zero and the 
received binary signal is greater in amplitude than the maximum value of a binary 
10 zero, then the maximum value of a binary zero may be increased to substantially 
equal the received binary signal. A change in either the minimum value of a 
binary one or the maximum value of a binary zero will change the range of 
voltages from which the slicer threshold 140 may be selected. 

According to an embodiment of the present invention, the adaptive slicer 
15 threshold generation system 500 further includes a first absolute value element 
450. a second absolute value element 460. and a switch 470. The switch 470 
receives the digitized received binary signal and connects the received binary 
signal that has passed through the first absolute value element 450 to either the 
minimum detector 510 or the peak detector 520. If the digitized received binary 
20 signal is a binary one. then the switch 470 connects the received binary signal that 
has passed through the first absolute value element 450 to the minimum detector 
510. If the digitized received binary signal is a binary zero, then the switch 470 
connects the received binary signal that has passed through the first absolute 
value element 450 to the peak detector 520. 



13 
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Fig. 6 illustrates a flow chart for a method of generating an adaptive slicer 
threshold according to an embodiment of the present invention. Within the 
method and referring to Fig. 4, a first average value of a first binary signal Is 
detemiined 610 with a first moving average filter 410. A second average value of 
5 a second binary signal is determined 620 with a second moving average filter 420. 
The first average value and the second average value are combined 630 with a 
combiner 430 to generate a combined output The value of a slicer threshold 140 
(see Fig. 1 and Fig. 2) within a data eye 100. 200 is set 640 with a gain element 
440. The slicer threshold 140 may be set at any point between the average 
10 values of the data eye 100, 200 edges. For example, adding the first average 
value and the second average value and selecting the gain of the gain element 
440 to be 0.5 sets the slicer threshold 140 at the midpoint between the average 
values of the data eye 100, 200 edges. 

Fig. 7 illustrates a flow chart for a method of generating an adaptive slicer 
15 threshold according to another embodiment of the present invention. Within the 
method and referring to Fig. 5, a minimum value of a binary one is determined 710 
with a minimum detector 510. A maximum value of a binary zero is determined 
720 with a peak detector 520. The minimum value of the binary one and the 
maximum value of the binary zero are combined 730 with a combiner 430 to 
20 generate a combined output. The value of a slicer threshold 140 (see Fig. 1 and 
Fig. 2) within a data eye 100, 200 is set 640 with a gain element 440. The slicer 
threshold 140 may be set at any point between the inner edges of the data eye 
100. 200. For example, adding the minimum value of a binary one and the 
maximum value of a binary zero and selecting the gain of the gain element 440 to 
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be 0.5 sets the slicer threshold 140 at the midpoint between the Inner edges of the 

data eye 100. 200. 

In summary, the adaptive slicer threshold generation system 400 (see Fig. 
4) according to the present invention determines the midpoint between the 
5 average values of the data eye 100. 200 edges (see Fig. 1 and Fig. 2) by using 
average amplitude data of both binary ones 110 and binary zeros 120. 
Furthermore, the adaptive slicer threshold generation system 500 (see Fig. 5) 
according to the present invention detennines the midpoint between the inner 
edges of the data eye 100. 200 (see Fig. 1 and Fig. 2) by using minimum 
10 amplitude data of a binary one and maximum amplitude data of a binary zero. 

The adaptive slicer threshold generation system 400, 500 improves noise 
immunity for a receiver system, such as an Intel LXT3108 T1 receiver. 
Furthermore, the adaptive slicer threshold generation system 400, 500 of the 
present Invention uses amplitude data of both binary ones 1 10 and binary zeros 
15 120 to calculate the midpoint of a data eye 100. 200. providing a more accurate 
representation of the data eye 100. 200 than systems that use only a received 
peak value. 

While the description above refers to particular embodiments of the present 
invention, it will be understood that many modifications may be made virfthout 
20 departing from the spirit thereof. The accompanying claims are intended to cover 
such modifications as would fall within the true scope and spirit of the present 
invention. The presently disclosed embodiments are therefore to be considered In 
all respects as illustrative and not restrictive, the scope of the invention being 
indicated by the appended claims, rather than the foregoing description, and all 
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changes that come within the meaning and range of equivalency of the claims are 
therefore intended to be embraced therein. 
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WHAT IS CLAIMED IS: 

1 , An adaptive slicer threshold generation system, comprising: 

a first moving average filter to determine a first average value of a 
first binary signal; 

5 a second moving average filter to determine a second average value 

of a second binary signal; and 

a combiner to combine the first average value of the first binary 
signal and the second average value of the second binary signal to 
generate a combined output 

10 

10 2. The adaptive slicer threshold generation system according to claim 

1 , wherein the adaptive slicer threshold generation system further includes 
a gain element to set a value of a slicer threshold within a data eye. 



3. The adaptive slicer threshold generation system according to claim 
1 ^ wherein at least one of the first moving average filter and the second 

15 moving average filter includes a leakage element to control an adaptation 

rate of the slicer threshold. 

4. The adaptive slicer threshold generation system according to claim 
1 . wherein at least one of the first moving average filter and the second 
moving average filter includes 

20 a first delay element to delay a received binary signal; 
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a second combiner to combine the received binary signal, a delayed 
binary signal from the first delay element, and a delayed output signal from 
a second delay element; and 

a second gain element to manipulate an output signal from the 
5 second combiner, wherein 

the second delay element delays the output signal that is 
combined by the second combiner with the received binary signal 
and the delayed binary signal. 

5. An adaptive slicer threshold generation system, comprising: 

10 a minimum detector to determine a minimum value of a binary one; 

a peak detector to determine a maximum value of a binary zero; and 
a combiner to combine the minimum value of the binary one and the 
maximum value of the binary zero to generate a combined output. 

6. The adaptive slicer threshold generation system according to claim , 
15 5. wherein the adaptive slicer threshold generation system further includes 

a gain element to set a value of a slicer threshold within a data eye. 

7. The adaptive slicer threshold generation system according to claim 
5, wherein at least one of the minimum detector and the peak detector 
includes a leakage element to control an adaptation rate of the slicer 

20 threshold. 
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8. The adaptive slicer threshold generation system according to claim 
5, wherein the minimum detector Includes 

a minimum comparator to compare a received binary signal with a 
delayed output signal from a second combiner; and 
5 a delay element to delay an output signal from the second combiner 

that is compared with the received binary signal by the minimum 

comparator, wherein 

the second combiner combines the output signal from the 
minimum comparator with a leakage signal from a second gain 

10 element, and 

the second gain element manipulates the output signal from 

the second combiner. 



9. The adaptive slicer threshold generation system according to claim 
5, wherein the peak detector includes 

a peak comparator to compare a received binary signal with a 
delayed output signal from a second combiner; and 

a delay element to delay an output signal from the second combiner 
that is compared with the received binary signal by the minimum 
comparator, wherein 

the second combiner combines an output signal from the 

peak comparator with a leakage signal from a second gain element. 

and 

the second gain element manipulates the output signal from 
the second combiner. 

19 



wo 03/039060 



PCTAJS02/34481 



10. A receiver system, comprising: 
a receiver circuit; 

an antenna coupled to the receiver circuit; and 

an adaptive slicer threshold generation system coupled to the 

receiver circuit, having 

a first moving average filter to determine a first average value 

of a first binary signal. 

a second moving average filter to determine a second 
average value of a second binary signal, and 

a combiner to combine the first average value of the first 
binary signal and the second average value of the second binary 
signal to generate a combined output. 

1 1 . The receiver system according to claim 10. wherein the adaptive 
slicer threshold generation system further includes a gain element to set a . 
value of a slicer threshold within a data eye. 

12. The receiver system according to claim 10. wherein at least one of 
the first moving average filter and the second moving average filter 
includes a leakage element to control an adaptation rate of the slicer 
threshold. 
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1 3. The receiver system according to claim 1 0, wherein at least one of 
the first moving average filter and the second moving average filter 
includes 

a first delay element to delay a received binary signal; 
> a second combiner to combine the received binary signal, a delayed 

binary signal from the first delay element, and a delayed output signal flrom 
a second delay element; and 

a second gain element to manipulate an output signal from the 

second combiner, wherein 
0 the second delay element delays the output signal that is 

combined by the second combiner with the received binary signal 
and the delayed binary signal. 



14. A receiver system, comprising: 
a receiver circuit; 

an antenna coupled to the receiver circuit; and 

an adaptive slicer threshold generation system coupled to the 

receiver circuit, having 

a minimum detector to determine a minimum value of a binary 

one, 

a peak detector to determine a maximum value of a binary 
zero, and 

a combiner to combine the minimum value of the binary one 
and the maximum value of the binary zero to generate a combined 
output. 
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1 5. The receiver system according to claim 14, wherein the adaptive 
slicer threshold generation system further includes a gain element to set a 
value of a slicer threshold within a data eye. 

16. The receiver system according to claim 14, wherein at least one of 

5 the minimum detector and the peak detector includes a leakage element to 

control an adaptation rate of the slicer threshold. 

17. The receiver system according to claim 14, wherein the minimum 

detector includes 

a minimum comparator to compare a received binary signal with a 
10 delayed output signal from a second combiner; and 

a delay element to delay an output signal from the second combiner 
that is compared with the received binary signal by the minimum 

comparator, wherein 

the second combiner combines the output signal from the 
15 minimum comparator with a leakage signal from a second gain 

element, and 

the second gain element manipulates the output signal from 
the second combiner. 

1 8. The receiver system according to claim 1 4, wherein the peak 
20. detector includes 
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a peak comparator to compare a received binary signal with a 
delayed output signal from a second combiner; and 

a delay element to delay an output signal from the second combiner 
that is compared with the received binary signal by the peak comparator. 
5 wherein 

the second combiner combines an output signal fl-om the 
peak comparator with a leakage signal from a second gain element, 
and 

the second gain element manipulates the output signal firom 
10 the second combiner. 



1 9. A method of generating an adaptive slicer threshold, comprising: 

determining a first average value by combining a first received 
binary signal and a first delayed binary signal; 

determining a second average value by combining a second 
received binary signal and a second delayed binary signal; 

combining the first average value and the second average value to 
generate a combined output; and 

setting a value of a slicer threshold within a data eye. 

20. The method according to claim 1 9, wherein the first average value is 
further detennined by combining a first leakage signal with the first received 
binary signal and the first delayed binary signal. 
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21. The method according to claim 19. wherein the second average 
value is further detemnined by combining a second leakage signal with the 
second received binary signal and the second delayed binary signal. 

22. A method of generating an adaptive slicer threshold, comprising: 
5 determining a minimum value of a binary one by comparing a first 

received binary signal with a first delayed output signal; 

determining a maximum value of a binary zero by comparing a 
second received binary signal with a second delayed output signal; 

combining the minimum value of the binary one and the maximum 
10 value of the binary zero to generate a combined output; and 

setting a value of a slicer threshold within a data eye. 

23. The method according to claim 22, wherein the minimum value of 
the binary one is further detemnined by combining a first leakage signal with 

15 a first output signal. 

24. The method according to claim 22, wherein tiie maximum value of 
ttie binary zero is further determined by combining a second leakage signal 
with a second output signal. 

25. An adaptive slicer threshold generation system, comprising: 
20 a machine-readable storage medium; and 
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machine-readable program code, stored on the machine-readable 
storage medium, the machine-readable program code having instructions 
to 

determine a first average value by combining a first received 
5 binary signal and a first delayed binary signal. 

determine a second average value by combining a second 
received binary signal and a second delayed binary signal, 

combine the first average value and the second average 
value to generate a combined output, and 
10 set a value of a slicer threshold within a data eye. 

26. The system according to claim 25. wherein the machine-readable 
program code further includes instructions to combine a first leakage signal 
with the first received binary signal and the first delayed binary signal to 

1 5 determine the first average value. 

27. The system according to claim 25. wherein the machine-readable 
program code further includes instructions to combine a second leakage 
signal with the second received binary signal and the second delayed 
binary signal to determine the second average value. 

20 

20 28. An adaptive slicer threshold generation system, comprising: 

a machine-readable storage medium; and 
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machine-readable program code, stored on the machine-readable 
storage medium, the machine-readable program code having instructions 
to 

determine a minimum value of a binary one by comparing a 
5 first received binary signal with a first delayed output signal, 

determine a maximum value of a binary zero by comparing a 
second received binary signal with a second delayed output signal, 

combine the minimum value of the binary one and the 
maximum value of the binary zero to generate a combined output. 
10 and 

set a value of a slicer threshold within a data eye. 



29. The system according to claim 28, wherein the machine-readable 
program code further includes instructions to combine a first leakage signal 
15 with a first output signal to detennine the minimum value of the binary one. 



30. The system according to claim 28, wherein the machine-readable 
program code further includes instructions to combine a second leakage 
signal with a second output signal to determine the maximum value of the 
binary zero. 
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